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(54) OPTICAL DEVICE 

(57) Abstract: 

PURPOSE: To sufficiently suppress the 
fluctuation-component of operation characteristics by 
reflection at the end face of an optical waveguide by 
providing the optical device with an optical waveguide 
which is formed by inclining its optical axis at the en 
face and gradually expanding or reducing the sectional 
area in a substrate and an optical circuit element whic 
is optically coupled to the optica! waveguide. 

CONSTITUTION: This optical device is provided with th 
optical waveguide 11 which is formed to a tapered shape 
by inclining the optical axis by an angle G with th 
plane possessed by an antireflection film 55 an 
linearly decreasing the sectional area of a core nearer 
the exit end face from the region of an external optical 
modulator 54 in place of the conventional optical 
waveguide, A part of the light introduced from the 
optical circuit element (DFB semiconductor laser 53 an 
external optical modulator 54) to the optical waveguide 
11 is reflected at its end face and advances backward 
again in the optical waveguide 11. The light reflecte 
in such a manner is more increased in the incident angi 
and is more hardly wave-guided as the angle θdf 
inclination of the optical axis of the optical waveguid 
11 at the end face is larger; in addition, the reflected 
light of a large diffraction angle is more hardly wave 



guided in the optical waveguide 11 as the spot size a 
its end face is larger. 

COPYRIGHT: (C)1995.JPO 





Printed from Mimosa 01/11/01 13:24:09 Page: 1 



ms^m^nfT (jp) 02) ^ ^ fj^ |^ ^ 



(A) 



(1 



20359 

(43)^HB ^^7=^(1995) 1^24 B 



(51) Intel." 
GO 2 B 


6/42 9317 -2K 


F I 




(21) mm^^ 


I^S^S- 163551 


j — " 

(71) mmx 


0000G4226 










^JS5!^(1993) 7^ 1 B 




KS3s=ff^BaEf^#iirr-Ta i#6-^ 
















iS^^^p-f^BBErt^WT 1 TS 1 # 6 0 
























:«:^=Pf^fflKF«g^liiT 1 TS 1 # 6 # H 














azmmm 
























(74)'RaA 





(54) [^5acDi&*ic] ^fc^^/x'-fx 




1 



(a) 



5 5~ 



iril «ai3t^0BS~l riJ~DPB^*~li 5 1 



— 1 2 



1 

[000 1] 
[0002] 

^tihtt^mmmt. ym^mzmtxmm'^fzh?/- 

hfihfz>^iz^ tS:^^ §^<m\'^^ix-^-o$)h. mz, ± 

z t J; O'^mmmMtim-^^ < x4^x'$> o , 
^^^!Kmm(^mt^^Lxm—mm±i,zt3ttf^i^(7^m'¥- 
tcD^-^ ■ Mm^nzm-Lrm^i^-t^fziibiz^ ^^mi^ 

^i'Z$r<^m^^^tix^^^, 

[ 0 0 0 3 ] 05 ^mco^'f^u:7.cDm^m^^-t 

IlT-?)5 . Eltc^o v>T , > 7 ••/ 5 1 i: -f-OTtlEa 
-o T D F B^#:l^— r 53 t ^my(^m^ 5 At *''iH 

w^fih . ^vu%^m^ 5 4 (^\i!,wsnt,znmLfz^m& 
5 1 <7)^^mwi,z-<'^'^x^m.mzmf&^tifzKMmAkm 

5 5 i:irLX9\-mz^m'3l,Z^^^tl^ , D F B^mi^ 

I'— rs 3«i3t^igs§5 2izr^'oxmf&^h.fzmm5 6 

[0004] Z<DXo ^j:mf&(7)^'f-'U XX'li. D F B 

ti . ytmm^ 5 2 Sr^n- L Ti-hgUT^^Pfl 5 4 t#*>tL, 
lifI-f-(ciEl;T^lliI$tL-CRfltR&±^5 5 iifr LX fcbflt 
[0 0 0 5]^7-c, KI'fRSibMSSJa. ^-x-r^-^'^ 

Stl%±M5 5{i, DFB#^f3|sb— 9-'5 3(~Sf-r-l>SSt 



^-^^ .. 1tm^7-2 03 5 9 

2 

i7)S*f 7\:<73^^iy i l/"{iS[ffi<7)^l!):Ji-tz^^ L T , D F B 
iji^#:L.-Hf5 3O^^Jl^tJj:i/-^-Hf3fei0J±Jlt?g 

[0 00 6] $iitc, -iOj:d'5r^7\^c7)jipE(i, a\z 

-^>'h^mmz:'i7dmim>'X7-M,x'ii. mm^i,zi6\,-^ 
x&mmmizmtxy6m^(7)mw.^, tmiixt/mmt^ 

10 *»-:.7t, 
[0007] 

%hfz^\,z\fm\mmmtm-^'^fL. tt^-^za^xotc 
^mmtm^-^fix h ^m^mzx o-csi^3tojipff# 
m-^it-thtzahirz. mmzpsim<7)m^^^-t^mim 
±m^'^hztiim^xm.i^<. t^fb^h^v—^^ 

20 [0008] 2|s:^Bfl{i , 3t^iSES&03^[|pOSSttc J; ^tJ, 
[0009] 

^-kLfz^t^si^m'i't ^m^fzz t ^mi:-r^ . 

[0010] 

if^mi :^^mi,zi)^ti^hi>^y'ju xxu. ^femsg^-? 
30 i^i^tam^tL. hh^-^i,3:^<D^m^m'7-^:mmLx±m 
^mirzmfi^tifzytco—mt. ^io^t^sstfosgsx-^ 
^tixwz/^mmf^^TS:tj\^izmt,\ ^oj: 
3 i,z LXKMt^tifzytiiiMLfzmmi^zioi-f^^m^ 
<7)ym(^m^nt^i^^ ^'^inzAsmti^mmLxm^-^ti 

iK'Sr O, i)^^^W^mt^cr)1^mi>zi5ifi>x.7t-'-y h-^ 
-i X:f}^^t ^[l]i)f:^<7)^3K**^iS Lii< ^ 

[0011] *^HBT{i. COi d^#tttcSo'V^T^ 

40 it, n^^^mi,znLxms^mm^^xymm^t:jf^^ 
tziM^Mt ^nML. ■iti^com<^m-^-t(>zmtxpjfm. 

[0012] Lfz:b^'^X. ^jc^HJriiffl Lfz^msmi' 

x'li. i^Lfzmnzx'oyem^^iit-Lxnxm-^ti 
hyicr)^m*mE^ti^<Dx\ ^cr>mzmmLx^t^ 

[0013] 

mmmi ^tj mmi,zm^'^^x^^mcommmt>z':>\,^ 
50 xtmi^znm-rh, mm, :^%m<^^~<^mmmiyr; 



[0014] mi,zt5\.-^x. (a) im5 tmmizymim 
t'O.. )X'a>o. (b) i,3i^(7)±mi^z^')tzmm.ijf^<7)m 

[0015] *%HB<7)^^^^^^{i^ ^HifiMt' 
:%S^^la,#t$^i:, T^-oJ-l-gp^te^pi^S 4«fIJ|g3&>A,ailt 10 

2j K«5 lh^(C#iSS§l l^mm 

[ 0 0 1 6 ] . ^^Jfi^Ji: if5l?3S 1 i,znm(D^mt 

c^MmmiUz-^\,^xl±. ym-^mi nt^m&mznm 

L . D F B if 5 3 i5 cfctXi'f-giS^t^ii^l 5 4 

[ 0 0 1 7 ] EI2{i. *^Mc7)ttlf^igaS:SiBH-rsilI 20 
^ . VAT . mitsj: J/M 2 ar#BS L T 2|s:||]|SM<50l& 

^m&mi K^mt^x'ii. thMimrn (Kmm±m5 5 ) 

i.. TiS^iSSSl 1|*IT'{±. —mi/Z. :^yt^ ■/ X^iz 

3K^fes&i K^ttismmiz^^-t^^mmi. iMLti 
izytmm^i ii*i*^^Lii<^s. 

C0£18] Ltzii^^X. A^0i<omX'^ht^<7yiii 30 
[0019] Lfz:b':'oX, ^mmmX'li. J^^'y h^f^ 

xw5rSi<j5;umtcig^L. t^-:)nm&^ 1 omi>zm^-i- 

6Ztl,zJ:y)^ H 2 *^-C:*-r J: o t D F B^^fzjsu- 
a O SOdB) a-ilBitL. D F B^ji^ft:!^— »f 5 3 

[ 0 0 2 0 ] ^^3, ^mmmxu. ^i^-^-^-^cDytm^ - 

ai$ixTt^^rt>*<., 3^^H3{i, mnt. IE EE (Photo 
n i csTechno 1 ogy Letters . Vo 1 . 5 , no . 3 . pp . 345-347 . 199 
3.) <Dm'Xi>ziSM^tLfzm^ (7)^—^— Hfflr— ^-N'^^ 

$ a-ii.IE^iUciS^-r^ C 1 1= J; 0 . m^m^^:+i^^z 

n&-t^Zti,-^mX'$>h. 50 



^ #gfl¥7-203 5 9 

4 

[ 0 0 2 1 ] I13{±. ^js^^BJcO^-iO^JtCaj^^F^ElT- 
2js:|l(±ia5(a) tcSt/SL7t±MllSr^ L , HtCiJ 

[0022] :mmm tmi i>z^tmm\t ^m^cr, 
ffi5t*{i. iiismmi,zRmmskm5 5z:mm-ti'. 

D F B^mi^U-^' 5 3 ICii^JE L;t«iiT-{i[l 5 iz^.-f 

mmtmrnizmmiimm^zmmizmsi^^ti. 
txm-f^tifzj^szhi>. 

C 0 0 2 3 ] *^JS0iJfcfi^ii 1 izMmco^B^t 
L, DFB^i2isU-if5 3±Jj:VJ'ha53t^i)iI#l5 4{5: 

yem^m^i,zMm-t^ . 

[0024] Zc75 i a ^mS^CO^y'rU XX'l±. 
SS3 ltf03feWl{4, DFB^^^cl^— !f5 3(:^tJEL/^ffl 

&^co^^bI>zMLX i 1 1 0 ]<7)®<7):^[*j(c5g 

5 y~mm- 1 1 0]T'^§tl.i,^g;S^®{c?g^§ix^^ 

[0 02 5 ] ■T'Sri?*). D F B^^frl/-- tf 5 3 ti^JS 

L7t:3t^^i?S3 1 (T^mmt^Him^miznLxmm^'t^ 
i^zm^^tL, i'-o^<7)^(m^s%3 itmmcrt^tmmz 
m^^tih tamt^mzy'-j-^co^^^iY i^xmti^ti 

^<7)X\ DFB4^^#:lx— r5 3(75;|tttS:«*>-00, m 

1 iz^-tmtmtmmi,zLx . ^mm^Ri 

imztk^^il. DFB3j£^#:l — ■r5 3<7i^mmm.i5 
[ 0 0 2 6 ] 04 {a. ^^m<DmE.(7imS&mifr:-tmX' 

hh, i5 V , 11.5 \,z7^-t 1 i: mm^m y.^^<^i<z 

[0027] *^]f£^J(7)^t^i:t- |,^iiSc{i, D F B^l^ 

xm^^fvx, t-'o-m:mk<r>%n^^-fh^wsi^A i 

1 ^l-^3t^Ptl5 4(citfEL7^.r^i^tJFM$flTA 
Wi^h. ^imt-bmz^-nAnzmB'^ix. t-^-ommt 
<507tW$:^-r^7t®}S^Sg4 l2 3t2^;feS§4 li . 4 

{il^t^e<)jDXtcJ:oTm$tL^v:;^4 2i h . 

4i2 <n)^%m\.z^(r^%w^^<^%mznLxms.ew< 
p^'^'ixnmzx^xj^^^ixtzmA 22 t^fii^^t.^jc 

[ 0 0 2 s ] ^'io, »i8£S54 1 1 (^mmhmmm 

4 I2 OAS=f4ffifeJ;l/"aiS'fiffii:tci3(tl.x--K-y hif^X 



5 

{ = 5 urn) iCfS^^ix, ;i^o^|jg(9(co(,^r t [nl^^tc 
L T 1 0 mCfgJt $ ft S £7) i; f -S. . 

[00 29] t Tt: , ^mmmtm-m^ i i^iemto^B^^ 

i (7tSi^4 1 2 ioJ:lf?t4 2 2){i7t®iSSStcitiEL. 
D F Biiiil^U— Hf- 5 3 (i'FSP^^PIIB 4 ) (i^lHlK 

[0 030] ^j:m^(D^y-'^U XT1i, 

S§4 1 1 , 4 1 2 ?JJ:6-0?tfft;i)i^ y -y h'il 5 1 ±X' 
^fft^K). ^^o-?-iim?S4 2i ti^LT, -^-cO^iO 

fIife*}flJffiLT3fc«ftS&4 li , 4l2 PHlc7)^^W'5r3t 
[003 1 ] tti^ «4 22 ^m&^4l2 (DiUm 

ti^-yx, ±m^^4 ii , 4 i2 {i. ^^mi^m^i 2± 

mizmti^ti^cox-. D F B^^^p^v—r 5 s^^ix/fm 
ttm^^comizrViMmtmmi^z^i^'^-^^ ^mmm 

Rl *^'yt#^fi!tC|gS$ixT D F B^^#:l/-if 5 30 

[ 0 0 3 2 ] ^jo, ±^Lfz^mmmxii. d f 

f*U-Hf" 5 3 t?l-gi53fe^|ISf| 54t ^^--mSJL^Z^-^ 

L/c*^ ^^ma. :i<7)Xo^^^mmzmM-^ti 

till. ^<n^m^m^<7)mm:t/m-^'it<^tmissi,zt^^- 

c 0 0 3 3 } tfz. ±muz^mMTi±. ^cr>mm 

A^'. ^^mx'ii. zcDjid'k^m&mzm^^fi^. m 
mco^^m&^ti, i^'oi^miz^-nKmmz^\,^x 



^'^> !|tW^7-20 35 9 

6 

'&hm^cr)mmz:^i-h^m^mz-:>\,^xi,mm'^^x' 

[0034]$ h(<z: ±.mLtz^mmmx'i.±. mm^za 
if^x;it-y h-i-^ x^fmcom^zm.^-ri>fzi^iz^ mm 
m^mm.mz^-it^^txy'-.>^^<7)ytmi^^t:mi&tfz 
z<Dj:o^j:mmm<^^-itcr)mmi,zmm 

10 i>zwimm^^it^-^txmm^tifz^mm^im^^xijj: 

[0035] 

f^fifz^cT) n . ^<7^%mm^<^mmx'mm l x^mm.n 

$• if 1 t=S Alt ^fi^ ^(^^SA^mkmfiZit 

20 tL. '^<^^mwkm=^(^mi'^<o^m.'&tmi^(^fix^m.t)^ 

[ n 2 ] ■^^mcomi'^mM^mm-thmx'h h . 
[ n 3 ] ■^%m<7)m~(7imim\ ^ ^-tmx^ h . 
[1214] ■^^^Mc7)m^<r>mim^^^-tmx'hh, 

[115] «<7)3tx^NMxc7)^i^M&^-ri2iT-?)^« 
[«^oSiHj] 

11. 3 1, 4 1 . ■5.2 

30 1 2 

42 S 

5 1 -P^ y ¥m 

5 3 .DFB^#:U— if- 

5 4 ^vm^m^ 

5 5 ^|J&itJK • 
5 6. 57 



35] 



(.5) 



^gB^7-20 3 59 



- [1211] 



lllA 



I — ^ \l 




~S 1 



_1 1 




JL J 



-5 1 



.3 1 



[[12] 




[EI4] 



I — »F 



1 




ISA 




to) 



JP,07-020359,A] 



* NOTICES * 

Japan Patent Of5ice is not responsi±>le for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3 . In the drawings, any words are not translated 



Peitaiied^^ " 
[0001] 

[Field of the Invention] this invention relates to the optical device which has the optical circuit element by which 
light was optically coimected with the optical waveguide which has an outgoing radiation or the end face by which 
incidence is carried out, and its optical waveguide. 
[0002] 

Pescription of the Prior Art] An optical waveguide is formed on a single substrate, and since the optical instabihty 
by mechanical disturbance, such as vibration and a deflection, is oppressed according to the formation of small 
hghtweight, the operating time current characteristic is improved and mass-production nature and economical 
efficiency are raised further, many optical integrated circuits constituted by joining together and arranging various 
optical circuit elements through the optical waveguide are used in recent years. Especially an optical waveguide 
modulator has the small modulation required power by shutting up and transmitting a Ught beam to an optical 
waveguide, is small, and since it has the stmcture which has the property of a wide band and turned against 
combination and integration with other elements on the same siibstrate, they are used. [ to the optical device 
monolithic-IC-ized combining semiconductor laser ] [ many ] 

[0003] Drawing 5 is drawing showing the example of a configuration of the conventional optical device. In drawing, 
an optical waveguide 52 is formed between the semiconductor substrates (not shown) which are arranged the clad 
layer 5 1 and under it and serve as clad, and the DFB semiconductor laser 53 and the external optical modulator 54 
are arranged along with the optical waveguide. The edge of an optical waveguide 52 corresponding to the outgoing- 
radiation opening of the external optical modulator 54 is optically combined outside through the anttireflection film 
55 formed in plate-like along with the cleavage plane of the semiconductor substrate mentioned above and the clad 
layer 51. The DFB semiconductor laser 53 has the electrode 56 formed along with the optical waveguide 52, and the 
external optical modulator 54 has the electrode 57 similarly formed along with the optical waveguide 52. 
[0004] In such an optical device of a configuration, the DFB semiconductor laser 53 carries out the outgoing 
mdiation of the laser beam according to the predetermined electrical signal given to an electrode 56. While are led to 
the external optical modulator 54 through an optical waveguide 52 and spreading the inside of the optical 
waveguide, according to the modulating signal given to an electrode 57, it becomes irregular, and the outgoing 
radiation of such a laser beam is carried out througji an antireflection film 55. 

[0005] Moreover, an antireflection film 55 forms a thin film in the both sides individually by coating etc., and 
oppresses a part of reflected hght by the side of the external optical modulator 54 by the optical path difference by 
setting it as the half-wave length of the laser beam which mentioned above the optical path difference of the 
reflected light fi"om these thin film sides beforehand. Therefore, an antireflection filnt55 suppresses the incidence of 
the reflected light to the DFB semiconductor laser 53, and achieves stabilization of the oscillation frequency of the 
DFB semiconductor laser 53, and the outgomg-radiation intensity of a laser beam to a changed part of the intensity 
of the reflected light according to the modulation depth of the external optical modulator 54, and a phase. 
[0006] Furthermore, with the communication system which performs a coherent optical transmission, in the 
transmitting edge, the frequency, the phase, and ampUtude of a lightwave signal were modulated according to the 
transmission information, and since recovery processing was performed after mixing further such a hghtwave signal 
and the hghtwave signal by which local oscillation was carried out in a ^ecei^^ing edge, such suppression of the 
reflected Ught fully had to be performed especially. 
[0007] 

[Problem(s) to be Solved by the Invention] By the way, in order for the spot size of an optical waveguide 52 to 
acquire the optical path difference mentioned above to the about 1 micrometer and parvus sake with a sufficient 
precision in such a conventional optical device, even if a high manufacturing technology is demanded and the 
optical path difference like a parenthesis is realized, in order that the suppression property of the reflected hght 
might deteriorate by the diffraction effect, it was very difficult to obtain the antireflection film which actually has a 
desired propert>% and it was not able to keep high the stabihty of the operating time current characteristic of the DFB 
semiconductor laser 53. 

[0008] this invention at offering the optical device which can fully oppress a changed part of the operating time 



current characteristic by reflex of the end face of an optical waveguide. 
[0009] 

[Means for Solving the Problem] It is characterized by equipping this invention with the optical waveguide which an 
optical axis is made to incline in an end face, and is made to expand or reduce the cross section gradually, and was 
formed on the substrate, and the optical circuit element optically combined with the optical waveguide. 
[0010] 

[Function] In the optical device in connection with this invention, it is reflected by the end face of the optical 
waveguide, and a part of light which an outgoing radiation is carried out from an optical circuit element, or passes 
the optical circuit element, and was led to the optical waveguide progresses the inside of an optical waveguide to an 
opposite direction again. However, the Ught reflected by doing in this way becomes that an incident angle increases 
and waves are hard to be guided so that the tilt an^e of the optical axis of an optical waveguide in the end fece 
mentioned above is large, and an optical waveguide has the property which the reflected light of such a big angle of 
diffiraction that the spot size in the end fece is large comes to seldom guide waves. 

[00 11] In this invention, by embracing distance from an end fece based on such a ijroperty, and making the cross 
section expand or reduce gradually, and making an optical axis incline to an end face, and forming an optical 
waveguide, the tilt angle mentioned above with the spot size in an end fece is set up, and desired return loss is 
obtained according to the combination of these values. 

[0012] Therefore, in the optical circuit element which applied this invention, since the luminous intensity re- 
incidence is carried out [ luminous intensity ] through an optical wavegmde by the reflex mentioned above is 
oppressed, the degradation and change of a property which originate in the light and are produced are mitigated. 
[0013] 

[Example] Hereafter, based on a drawing, the example of this invention is explained in detail. Drawing 1 is drawing 
showing the first example of this invention, 

[0014] drawing — setting ~ (a) the horizontal cross section (henceforth a "plan") which met the optical axis of an 
optical waveguide like drawings — it is — (b) It is the vertical cross section which met the optical axis. In addition, 
about what has the the same thing and the same configuration which are shown in drawings , the same reference 
number is given and shown and the explanation is omitted here, 

[0015] In this example, the configuration by which it is characterized [ of this invention ] is in the point that the 
optical waveguide 1 1 which the cross section of a core is decreased linearly and formed in the shape of a taper was 
replaced with and formed in the conventional optical waveguide 52 as predetermined does the angle theta inclination 
of an optical axis to the flat surface which an antireflection film 55 has and it approaches an outgoing-radiation end 
face from the field of the external optical modulator 54. Moreover, a reference number "12" shows the 
semiconductor substrate which forms a waveguide 1 1 with the clad layer 51. 

[0016] In addition, about the correspondence relation between this example and invention according to claim 1, an 
optical waveguide 1 1 corresponds to an optical waveguide, and the DFB semiconductor laser 53 and the external 
optical modulator 54 correspond to an optical circuit element. 

[0017] Drawing 2 is drawing explaining the principle of operation of this example. Hereafter, an operation of this 
example is explained with reference to the drawing 1 and the drawing 2 . In the field of the optical waveguide 11 
fabricated in the sh^ of a taper as mentioned above, the value of spot size is continuously e3q)anded so that an 
outgoing-radiation end face (antireflection film 55) is ^preached. Within an optical waveguide 11, generally, it 
becomes easy to guide the Ught with a small angle of diffraction so that spot size is large. Furthermore, in order that 
an incident angle may increase, the reflected light generated in the outgoing-radiation end fece of an optical ^ 
waveguide 1 1 seldom comes to guide waves the inside of an optical waveguide 1 1, so that angle theta mentioned 
above is set up greatiy. 

[0018] Therefore, return loss RL defined by the relative level of the reflected light on the basis of the amount of 
fresnel reflex in an outgoing-radiation end face in case angle theta is 0 times It increases so that the value of spot- 
size W of an outgoing-radiation end face is large according to the approximation calculation based on the theoretical 
analysis result of two properties mentioned above, as shown in drawing 2 ** mentioned above - **, and the rate of 
change to angle theta also increases. 

[00 19] Therefore, in this example, by setting spot-size W as about 5 micrometers, and setting angle theta as 10 
degrees, as a dotted line shows to drawing 2 , return loss alpha (> 50dB) which may be permitted according to the 
peculiar property of the DEB semiconductor laser 53 is attained, and the oscillation frequency of the DFB 
semiconductor laser 53 and the outgoing-radiation intensity of a laser beam are stabilized. 
[0020] In this example, in addition, about "the conversion technique of spot size using the taper-like optical 
waveguide" Although not explained in full detail, this invention is IEEE (PhotonicsTechnology Letters, Vol.5, no.3, 
and pp.345-347.1993.). What ** of the various taper waveguide structures for single modes indicated by the paper is 
also applicable. Furthermore, it is also possible to fuUy oppress radiation loss by setting the length of the taper 
section as a proper value. 

[0021] Drawing 3 is drawing showing the second example of this invention This view is drawing 5 (a). The 
corresponding plan is shown, die same reference number is given and shown in drawing about what has tlie the same 
tiling and the same configuration which are shown in drawing 5 , and the explanation is omitted here. 
[0022] The constitutional difierence wiUi the example shown in this example and the drawing 1 It is formed at right 
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angles to an outgoing-radiation end face like the conventional example which does not arrange an antireflt 
55 to an outgoing-radiation end face, and is shown in drawing 5 in the field corresponding to the DFB 
semiconduaor laser 53. Furthermore, it bends in the field corresponding to the external optical modulator 
in the point that the waveguide and the optical waveguide 3 1 of the shape of a taper which bend, and an oi 
radiation end face is made to incline by the waveguide, and was formed using the total reflection mirror w 
replaced with and formed in the optical waveguide 11. 

[0023] In addition, about the correspondence relation between this example and invention according to cU 
optical waveguide 3 1 corresponds to an optical waveguide, and the DFB semiconductor laser 53 and the e 
optical modulator 54 correspond to an optical circuit element. 

[0024] In such an optical device of a configuration, the optical axis of an optical waveguide 3 1 is adjusted 
orientation of the outgoing-radiation end face which was formed in the orientation of the field of Miller ir 
[1 10] to the crystal of a semiconductor substrate like the example shown in the conventional example and 
drawing 1 in the field corresponding to the DFB semiconductor laser 53, and was further formed in the cL 
plane which is a field corresponding to the external optical modulator 54, and is shown with Miller indice 
[0025] Namely, since it is led to the outgoing-radiation end face by which it is formed, without the field o 
optical waveguide 3 1 corresponding to the DFB semiconductor laser 53 making it incline to an outgoing- 
end fece, and the optical waveguide 3 1 is formed in a desired cleavage plane through a taper-tike wavegu 
return loss RL tike [ maintaining the property of the DFB semiconductor laser 53 ] the example shown in 
. It is set as a big vadue and the oscillation fiequency of the DFB semiconductor laser 53 and the outgoing 
intensity of a laser beam are stabilized. 

[0026] Drawing 4 is drawing showing the third example of this invention. In drawing, about what has the 
thing and the same configuration which are shown in drawing 5 , the same reference number is given and 
the explanation is omitted here. 

[0027] optical waveguide 411 which the configuration by which it is characterized [ of this example ] ma 
outgoing-radiation one end the shape of a taper, and is formed in the field corresponding to the DFB sem 
laser 53, and has a straight-line-like optical axis optical waveguide 412 which it is formed in the field cor 
to the external optical modulator 54, and both an incidence edge and an outgoing-radiation edge are fabri 
sh^e of a taper, and has a straight-line-like optical axis an optical waveguide 411 and 412 Slot 42 1 whic 
mentioned above to the optical axis of these optical waveguides to the bond part of a between and which 
do the angle theta inclination of and was formed of physical chemical etching or the mechanical manipul 
Optical waveguide 412 Slot 422 which an outgoing-radiation edge is made to do the angle theta inclinatii 
optical axis of the optical waveguide, and was similarly formed in it It is in the point which it had. 
[0028] In addition, optical waveguide 41 1 An outgoing-radiation edge and optical waveguide 4 12 Since : 
about the spot size in an incidence edge and an outgoing-radiation edge, it shall be set as the same value 
(=5micrometer) as the example shown in drawing 1 , and shall be similarly set as 10 degrees about angle 
[0029] Moreover, about the correspondence relation between this example and invention according to ch 
an optical waveguide 411. And a slot 421 (the optical waveguide 412 and slot 422) corresponds to an opi 
waveguide, and the DFB semiconductor laser 53 (external optical modulator 54) corresponds to an optic 
element 

[0030] At such an optical device of a configuration, it is an optical waveguide 411 and 412. Both optical 
becomes parallel on the clad layer 51, and it is a slot 421, respectively. It receives, and it is arranged so t 
be optically connected according to angle theta mentioned above with the width of face of the slot. Then 
421 A loss according to reflex then is oppressed and it is an optical waveguide 411 and 4 12. Efficient op 
coupling of a between is performed. 

[003 1] Moreover, slot 422 Optical waveguide 412 In an outgoing-radiation edge, it has the flat surface o 
angle theta inclination was done to the optical axis, and the same outgoing-radiation end fece as the exai 
publication is formed in drawing 1 . an optical waveguide 4 1 1 and 412 [ tiierefore, ] Since it is led to an 
radiation end face through a taper-like waveguide like each example which it is formed by the almost sa 
arrangement relation as the conyentional example on the semiconductor substrate 12, and was mentionei 
return loss RL, keeping the property of the DFB semiconductor laser 53 and an external optical modulat 
same as tiiat of die conventional example. It is set as a big value and the osciUation fi-equency of the DE 
semiconductor laser 53 and the outgomg-radiation intensity of a laser beam are stabilized. 
[0032] In addition, although each example mentioned above showed the DFB semiconductor laser 53 ai 
external optical modulator 54 on the single substrate about die monoUthic type optical integrated circuit 
comes to cany out combination and arrangement, die modality of the optical circuit element and combii 
be concerned how, but this invention can be appUed, if it is not hmited to such an optical integrated cu-c 
optical waveguide is used for eidier of die bond parts of an incidence end face, an outgoing-radiation en 
interstage about each optical circuit element 

[0033] Moreover, by this invention, although each example mentioned above showed tiie optical device 
optical waveguide which has a rectangular cross section, if desired return loss is obtained about die reflc 
which it is not limited to such an optical waveguide, but a desired Ught is guided, and is generated m an 
is applicable also about die optical waveguide which has the cross section of which configuration of cm 



